A Novel UV Resistance in Rad23-Depleted Tetrahymena thermophila by Schmoll, Emily M
BearWorks 
MSU Graduate Theses 
Spring 2020 
A Novel UV Resistance in Rad23-Depleted Tetrahymena 
thermophila 
Emily M. Schmoll 
Missouri State University, Schmoll97@live.missouristate.edu 
As with any intellectual project, the content and views expressed in this thesis may be 
considered objectionable by some readers. However, this student-scholar’s work has been 
judged to have academic value by the student’s thesis committee members trained in the 
discipline. The content and views expressed in this thesis are those of the student-scholar and 
are not endorsed by Missouri State University, its Graduate College, or its employees. 
Follow this and additional works at: https://bearworks.missouristate.edu/theses 
 Part of the Cell Biology Commons 
Recommended Citation 
Schmoll, Emily M., "A Novel UV Resistance in Rad23-Depleted Tetrahymena thermophila" (2020). MSU 
Graduate Theses. 3484. 
https://bearworks.missouristate.edu/theses/3484 
This article or document was made available through BearWorks, the institutional repository of Missouri State 
University. The work contained in it may be protected by copyright and require permission of the copyright holder 
for reuse or redistribution. 






































































" " " " " " " " " "


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$=DB:>LK" $AA>H>BJ"+C<:I>A><=" -@KK@:"#BK<" *R@=IRB:C"+C<:I>A><="
P!"#$%&'(")%*
#&"$(+,&-.%* !!"#$%&'''()*+', $-.*), !/$-.*),
P/-0#'+1#".-2(*
3-10+-3"2(* 01&2)33*+4(, 56789:;<.;<=,75>/6;<,?, @.$-.*),
'4%00&%$+('0"1*
0"$"5-1-%"* ?ABCD)(34(, $-.*)7, EF$-.*),
'40&-6+1%00&%$+('0"1*
,+(7"* G1&H+2*)(4(, BI,6JF;K;><,567-;5,75>/6;<,5L7*), E7$7L*),
Q8$%7-3+,1-1*#&%.-%)%* M?M+HD)34(, $-.*)@, ?/$-.*)@,
Q9"%*(%'1* G1&''()CH)3(4(, N<FL-5-F/65;O6.,75>/6;<,PM8(''(+()(), QR$-.*)B<,
Q9"%*(%'1* G1&''((C*'2H4(, @G?,567-;5,75>/6;<,$?@*), QR$-.*),
R:+(+*1%,-")1* ??"DD)2C4(, $?@*),L>R>S>=,?,TE4,F656U;K;-6V, "K$-.*)?,
R:+(+*1%,-")1* G1&''*D2H4(, BI,6JF;K;><,567-;5,75>/6;<,$?@*),L>R>S>=,W,;K>X>5R,(, "K$-.*)W,
R;21*(2102.21* G1&'))')34*, BI,6JF;K;><,567-;5,75>/6;<,$?@*),L>R>S>=,W, %R$-.*)W,
R;21*(2102.21* G1&'))')24*, BI,6JF;K;><,567-;5,75>/6;<,$?@*),L>R>S>=,?,;K>X>5R,*, %R$-.*)?,
R/%)-+*$"$-+* G1&''('')3)+4(, BI,6JF;K;><,567-;5,75>/6;<,$?@*),L>R>S>=,?, @5$-.*)?,
R/%)-+*$"$-+* G1&+H2DHD4*, BI,6JF;K;><,567-;5,75>/6;<,$?@*),L>R>S>=,W, @5$-.*)W,










(".%)+>%1#"$* G1&''(*H+'H*4(, $-.*)Y,;K>X>5R,8, @R$-.*)8,
!O9*>+-."=,-%90%2" "O9*>+-."S3*>9" #O9*>+-."=I2*%2/" $O9*>+-."G*9.2I92"
\["
,BOJ<"0G"-<JJ"'>:<L"








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3'44"<,.'" A$/GI!" 8R"VYHHX]?!W" 30.D'.&($&,0."V|5]|<W" !!UL]!!VL"
38\Gb"
s" P" YNaaYb" GN\G^"
s" s" YNIbHI" GNZHY"
P" P" GNZ\[[" GN\^Y"
P" s" YNb\ZZ" GN\ba"
38ZGG"
s" P" YN\IH^" GNZYa"
s" s" HN[\Z^" GNZGG"
P" P" YNIaaI" GNZa^"
P" s" HN[\^^" GNZHH"
38^GZ"
s" P" YN\I[^" GNaHY"
s" s" YNIG[b" GNZ\Y"
P" P" YNZaaI" GN\a\"
P" s" YNIZIH" GN\^\"
!"=-09%9X/"?Y@"9*+912%/0"Z9I+K%)8/A"*/>2%9X/"?K@"9*+912%/0"?$@57'#.3%2*%"
" "
YIG"
"
"
"
!NN<:C>Q"./G")<N=<L<:IBI>;<"!HI>:"*IB:CB=C"-E=;<M"1'.0?,D"CT!"$&"D0.D'.&($&,0.%"06"
YHHH".5]|<E"YHH".5]|<E"YH".5]|<E"Y".5]|<E"$./"HNY".5]|<"K'('"$?J4,6,'/"2%,.5"$D&,."V!3*YW"
J(,?'(%N"*+'"('%24&,.5"%&$./$(/"D2(9'"K$%"2%'/"60("%&$(&,.5"B2$.&,&:"D0?J2&$&,0.N""
" "
YII"
"
"
!NN<:C>Q".0G"Y2-)"*>:DJ<12=@CEHI"-@:A>=KBI>@:M"B-3A"K$%"(2."0."!0*#&"$(+,&-.%*5'.0?,D"
CT!"$./"DCT!"6(0?"K,4/P&:J'"$./"$%2345"38\Gb"D'44%"2%,.5"__-Y"V!W"$./"A$/GI"V3W"
J(,?'("%'&%E"&0"'.%2('"&+'"J('%'.D'"06"0.4:"0.'"-3A"J(0/2D&N"V-W">,9'"/,42&,0.%"06"!0*#&"$(+,&-.%"
5'.0?,D"CT!"K'('"$?J4,6,'/"2%,.5"$D&,."J(,?'(%N"!44"J(0/2D&%"K'('"(2."0."$"YNHp"$5$(0%'"5'4"
60("9,%2$4,O$&,0.N""
"
"
YI\"
"
"
!NN<:C>Q".SG")<N=<L<:IBI>;<"Y2-)",=BH<L"@A"3BHbD=@E:C"-([/UM"!U"#'4&"J'$Q"V4'6&W"$./"
$?J4,6,D$&,0."D2(9'"V(,5+&W"06"$"!0*#&"$(+,&-.%"5'.0?,D"CT!"%&$./$(/"2%,.5"!3*Y"J(,?'(%"
V7B2$('%U"YEHHH".5]|<E"C,$?0./%U"YHH".5]|<E"*(,$.54'%U"YH".5]|<E"3,(D4'%U"Y".5]|<E"3(0%%'%U"
HNY".5]|<WN"31-U"#'4&"J'$Q"V4'6&W"$./"$?J4,6,D$&,0."D2(9'%"V(,5+&W"06"!0*#&"$(+,&-.%*DCT!"
,%04$&'/"6(0?"K,4/P&:J'"$./"$%2345*D'44"4,.'%E"M'60('"$./"$6&'("&('$&?'.&"K,&+"YHH"X]?!"8RN"
__-YP"V3W"$./"A$/GIP%J'D,6,D"V-W"J(,?'(%"K'('"2%'/N"V7B2$('%U"2.&('$&'/"K,4/P&:J'E"C,$?0./%U"
&('$&'/"K,4/P&:J'g"3,(D4'%U"2.&('$&'/"$%2345E"3(0%%'%U"&('$&'/"$%234W"
" "
YIZ"
!NN<:C>Q".UG"2=>K<="8<JI"2<BbL""
*$(5'&" #'4&"-'$Q"VB/2"
<1#H* bHNHPbYNH"
L&,H* ^ZNZP^aNH"
F%234* ^[NZPbHNH"
<,)3* ^ZNZ"
F%2N* ^^NH"
F%2OH* ^[NZPbHNH"
!YERS* ^ZNH"
" "
YIa"
!NN<:C>Q"&G"6<LI<=:"3J@I"
"
" -0.D'$2"%&$,.,.5"K$%"2%'/"$%"$"40$/,.5"D0.&(04E"&0"'.%2('"&+$&"J(0&',."K$%"$/'B2$&'4:"
&($.%6'(('/"6(0?"&+'"5'4"&0"&+'"?'?M($.'"V!JJ'./,L";Y"$./";GWN"S'%&'(."M40&&,.5"60("&+'"G_!"
&$5",."&($.%60(?'/"!0*#&"$(+,&-.%*D'44"4,.'%"K$%"2%'/"&0"'9$42$&'"G_!PA$/GI"'LJ('%%,0."J(,0("&0"
$./"60440K,.5",./2D&,0."K,&+"D$/?,2?"D+40(,/'N"*+'"38^GZ"$%2345"wYI"D'44"4,.'"V!JJ'./,L"
;IWN"" "
YI^"
"
"
"
!NN<:C>Q"&FG"2@:H<BE"*IB>:"@A"/_!1)BC/0">:"-([/U"-<JJ"'>:<LM"-(0&',.",%04$&'/"6(0?"
G_!PA$/GI"&($.%60(?'/"38^GZ"D'44"4,.'"K$%"-0.D'$2"%&$,.'/"60440K,.5"&($.%6'("6(0?"&+'"5'4"&0"
&+'".,&(0D'44240%'"?'?M($.'N"7''">,52('"Ga"60("D0(('%J0./,.5"M40&N"
" "
YIb"
"
"
!NN<:C>Q"&/G"2@:H<BE"*IB>:"@A"/_!1)BC/0">:"-([/U"2/?@AB"jF0"-<JJ"'>:<LM"-(0&',."
,%04$&'/"6(0?"G_!PA$/GI"&($.%60(?'/"38^GZ"$%2345"wYI"D'44"4,.'"K$%"-0.D'$2"%&$,.'/"
60440K,.5"&($.%6'("6(0?"&+'"5'4"&0"&+'".,&(0D'44240%'"?'?M($.'N""
" "
YI["
"
!NN<:C>Q"&0G"6<LI<=:"3J@I"@A"/_!1)BC/0">:"-([/U"2/?@AB"jF0"-<JJ"'>:<LM"!"0.'P?,.2&'"
'LJ0%2('"K$%"D$J&2('/"06"&+'"$%2345*D'44"4,.'"&($.%60(?'/"K,&+"G_!PA$/GIN"*+'"J0%,&,9'"
D0.&(04"VG_!W"M$./"('64'D&%"$"J0%,&,9'"M$./,.5"J$&&'(.N"S+,4'".0.P%J'D,6,D"M$./,.5"K$%"0M%'(9'/"
,."'$D+"06"&+'"J(0&',.",%04$&'%E",.D42/,.5"&+'"2.&($.%60(?'/"38^GZ"$%2345"wYI"D'44"4,.'"VS*WE"
.0"J0%,&,9'"M$./,.5"J$&&'(.%"$JJ'$('/",."&+'"&($.%60(?$.&"4$.'%N""
" "
Y\H"
!NN<:C>Q"9G"*>I<1.>=<HI<C"8EIBD<:<L>L"
" 7,&'P/,('D&'/"?2&$5'.'%,%"K$%"0(,5,.$44:"$JJ(0$D+'/"&+(025+"d2.Q'4"?'&+0/E"K+,D+"
('B2,('%",%04$&,0."06"%,.54'P%&($./'/"J4$%?,/"CT!"60("$"&'?J4$&'N"=%04$&,0."K$%"$&&'?J&'/"
?24&,J4'"&,?'%"0."C_YHF"/0*1+.-*'LJ('%%,.5"&+'"G_!PA$/GI"J4$%?,/N"S+'."9,%2$4,O'/"0."$"
YNHp"$5$(0%'"5'4E".0"M$./%"K'('"0M%'(9'/",."$.:"$&&'?J&"V!JJ'./,L">YWN"-+2%,0."?2&$5'.'%,%"
K$%"&+'('60('"J2(%2'/"$%"$."$4&'(.$&,9'"?'&+0/"VC$&$".0&"%+0K.WN"" "
Y\Y"
"
"
"
!NN<:C>Q"9FG"*>:DJ<1*I=B:C<C".#!"+L@JBI<M"=."$."$&&'?J&"&0"J('J$('"60("d2.Q'4"%,&'P/,('D&'/"
?2&$5'.'%,%E"%,.54'"%&($./'/"CT!",%04$&,0."K$%"J'(60(?'/"0."C_YHF"/0*1+.-*'LJ('%%,.5"G_!P
A$/GI"J4$%?,/N"*+(''"%'J$($&'"$&&'?J&%"K'('"?$/'"VwYPIWE"K,&+"602("D040.,'%"J,DQ'/",."'$D+"
$&&'?J&"VwNYPwN\WN"*+'",%04$&'"K$%"(2."0."$"YNHp"$5$(0%'"5'4"60("9,%2$4,O$&,0.N"T0"M$./%"K'('"
0M%'(9'/N""
